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COMPACT, THERMALLY STABILIZED 
HOUSING FOR PLANAR LIGHTGUIDE 

CIRCUITS 

FIELD OF THE INVENTION 

The present invention relates to housings for planar 
lightguide circuits and, more particularly, to a thermal 
housing having temperature control for maintaining a planar 
lightguide circuit within a fixed temperature range. 

BACKGROUND OF THE INVENTION 

Optical wavelength division multiplexing (WDM) and 
dense wavelength division multiplexing (DWDM) have 
gradually become the standard backbone networks for fiber 
optic transmission systems. WDM and DWDM systems 
employ Signals consisting of a number of different wave 
length optical signals, known as carrier Signals or channels, 
to transmit information on optical fibers. Each carrier Signal 
is modulated by one or more information Signals. As a result, 
a significant number of information signals may be trans 
mitted over a single optical fiber using WDM and DWDM 
technology. 
WDM optical transmission systems employ a variety of 

different passive components. Such components are increas 
ingly being fabricated on Planar Light-Guide Circuits 
(PLC). A planar lightguide circuit, also known as an optical 
integrated circuit, can be readily mass produced because the 
processing Steps are compatible with those used in Silicon 
integrated circuit (IC) technology, which are well known and 
geared for mass production. One common type of planar 
lightguide circuit employs doped-Silica waveguides fabri 
cated with Silicon optical bench technology. Doped-Silica 
waveguides are usually preferred because they have a num 
ber of attractive properties including low cost, low loSS, low 
birefringence, Stability, and compatibility for coupling to 
fiber. Such a planar lightguide circuit is fabricated on a 
carrier Substrate, which typically comprises Silicon or Silica. 
The Substrate Serves as a mechanical Support for the other 
wise fragile lightguide circuit and it can, if desired, also play 
the role of the bottom portion of the cladding. In addition, it 
can Serve as a fixture to which input and output fibers are 
attached So as to optically couple cores of an input/output 
fiber to the cores of the planar lightguide circuit. The 
fabrication proceSS begins by depositing a base or lower 
cladding layer of low indeX Silica on the carrier Substrate 
(assuming the Substrate itself is not used as the cladding 
layer). A layer of doped glass with a high refractive index, 
i.e., the core layer, is then deposited on top of the lower 
cladding layer. The core layer is Subsequently patterned or 
Sculpted into Structures required by the optical circuits using 
photo-lithographic techniques Similar to those used in inte 
grated circuit fabrication. Lastly, a top cladding layer is 
deposited to cover the patterned waveguide core. 
One important passive component that can be fabricated 

on a PLC is an arrayed waveguide grating (AWG) in which 
two multiport couplers are interconnected by an array of 
waveguides. AWGs have a variety of different uses and may 
Serve, for example, as multiplexers, demultiplexers and 
Static routers. 
One of the problems arising from the use of Some planar 

lightguide circuits Such as an AWG is their Sensitivity to 
temperature changes, and to physical Stresses that impair 
their reliability. For example, in an AWG, because the 
operating wavelengths of the Several individual channels 
differ by Such a Small degree, any expansion or contraction 
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2 
or bending due to temperature fluctuations will degrade the 
optical performance and, in the extreme, cause circuit fail 
ure. Likewise, temperature fluctuations less than 1 C. may 
cause degradation or failure. It has been found that degra 
dation or failure can generally be prevented and reliability of 
the circuit insured if the temperature of the device is 
maintained at a predetermined temperature in a range of 75 
C. to 90° C. This maintenance temperature, specific to the 
individual circuit, must be controlled to within a few degrees 
Celsius even though the ambient temperature may vary 
from, for example, O C. to 70° C. Thus, some sort of 
protective housing must be provided for the planar light 
guide circuit. 

Housings for maintaining optical components at a con 
Stant temperature are well-known. For example, U.S. Pat. 
No. 5,994,679 shows a housing that comprises a base and a 
Snap-on cover made of a material having a relatively low 
thermal coefficient of expansion. Within the housing is a 
layer of fibrous material that is relatively immune to tem 
perature changes. A pair of Support members of the same 
material, but hardened, Support a thermal bed, which com 
prises a Substantially U-shaped aluminum member, the legs 
of which define a slot for receiving the AWG or other planar 
lightguide circuit. The slot is filled with a thermally con 
ductive grease that suspends the AWG and allows it to float 
within the slot, Substantially completely covered by the legs 
of the U-shaped bed. Thus, the AWG is in a stress free 
position in the slot. The thermal grease also increases the 
thermal conductivity between the thermal bed and the circuit 
and insures that the temperature is uniform over the entire 
circuit and that there are no hot Spots. On the top Surface of 
one or both legs of the U-shaped bed is a heater, a pair of 
resistive temperature devices for monitoring the temperature 
of the bed, and a temperature controller. Leads from the 
temperature controller pass through electrical lead through 
pins to the exterior of the housing to Supply power to the 
heater. 

One problem with the aforementioned housing is that it 
requires a relatively large number of components, thereby 
increasing the complexity and cost of its assembly. 
Moreover, the housing must be relatively thick to accom 
modate the U-shaped bed, which diminishes its attractive 
neSS for Space-limited applications, Such as when the hous 
ing is to be mounted on a printed-circuit board. 

Accordingly, it would be desirable to provide a housing 
for an optical component that maintains the component at a 
constant temperature and which is compact and Simple to 
assemble. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, a housing is 
provided for maintaining a planar lightguide circuit at a 
temperature within a predetermined temperature range inde 
pendent of ambient temperature. The housing includes a 
planar heating arrangement Supporting and in thermal con 
tact with the planar lightguide circuit. Also included is a 
frame assembly having a first Surface on which the planar 
heating arrangement is fixed. The frame assembly has at 
least one opening through which extends at least one optical 
fiber coupled to the planar lightguide circuit. An overmold, 
which is molded around the frame assembly, includes at 
least one Strain relief member through which the optical 
fiber extends. 

In accordance with one aspect of the invention, the planar 
heating arrangement includes a thermally conductive 
ceramic SubStrate and a resistive heating element disposed 
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on a first Side of the Substrate. The planar lightguide circuit 
may be disposed on a Second Side of the Substrate. 

In accordance with another aspect of the invention, the 
ceramic Substrate is formed from aluminum-nitride. 

In accordance with yet another aspect of the invention, an 
elastometric thermal interface pad is provided, which has a 
first Surface in contact with the planar heating arrangement 
and a Second Surface in contact with the planar lightguide 
circuit. 

In accordance with another aspect of the invention, the 
planar lightguide circuit and the Substrate have Substantially 
Similar temperature coefficient of expansions. 

In accordance with another aspect of the invention, the 
frame assembly includes a frame member and base and 
cover members Secured to one another in an air tight, water 
resistant manner. 

In accordance with yet another aspect of the invention, the 
strain relief member is integrally formed with the overmold 
and is configured as a tapered collar Surrounding the optical 
fiber extending therethrough. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a thermally stabilized housing for a planar 
lightguide circuit constructed in accordance with the present 
invention. 

FIG. 2 is a top perspective View and 
FIG. 3 is an exploded perspective view of the housing 

shown in FIG. 1. 

DETAILED DESCRIPTION 

FIG. 1 depicts the housing 111 of the present invention as 
used to house a AWG or other planar lightguide circuit. An 
input buffered or insulated fiber 117 passes into the housing 
111 for carrying optical signals to the AWG within the 
housing 111. The signal output of the AWG exits housing 
111 in a fiber ribbon 118, wherein each fiber in the ribbon 
carries signals of one specific frequency. The ribbon 118 
passes into a transition piece 119 wherein each fiber in the 
ribbon 118 is broken out and exits piece 119 in the form of 
a single insulated fiber 121, each having a terminating jack 
plug 122 at its end. In operation, input fiber 117 carries a 
combination of Signals having different wavelengths, and 
the AWG within the housing separates the signals by wave 
length and applies them to the individual output fibers in 
ribbon 118. Thus, each of the fibers 121 carries signals of a 
different wavelength from any of the other fibers. These 
wavelengths are typically quite closely spaced. For example, 
in an eight channel arrangement, the wavelengths maybe 
1549.4 nm, 1551.0 nm, 1552.6 nm, 1554.2, 1555.9 nm, 
1557.5 nm, 1559.1 nm, and 1560.7 mm. It can be seen that 
the Successive wavelengths increase by only 1.6 mm 
approximately, a very Small incremented difference. Spac 
ings in 32 and 64 channel AWG are as Small as 0.4 nm. 

FIG. 2 is a top perspective view and FIG. 3 is an exploded 
perspective view of the housing 211 and the components 
contained therein. As shown, AWG 210 is located in a 
framed assembly that comprises aluminum frame 216, 
stainless-steel base 218 and stainless-steel cover 220. A first 
Sidewall of frame 216 includes an opening or cutout 222 
through which the fiber ribbon exits the frame assembly. 
Likewise, a Second Sidewall of the frame 216 opposing the 
first Sidewall of the frame 216 includes an opening or cutout 
224 through which the input fiber exits the frame assembly. 
A third sidewall of the frame 216 connecting the first and 
Second Sidewalls contains an opening or cutout 230 through 
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4 
which an electrical interface or pins 232 extend. The elec 
trical interface provides power and control Signals to an 
internal temperature controller, which is described below. 
AWG 210 is mounted on a planar heating arrangement 

such as an aluminum nitride (AIN) heater 226. AIN heater 
226 includes an AIN Substrate, which is a thermally con 
ductive ceramic that has a low temperature coefficient of 
expansion that is similar to the temperature coefficient of 
expansion of the silica-based AWG 210. In this way stress 
between the AWG 210 and the AIN heater 226, which can 
arise from temperature fluctuations, is minimized. A Serpen 
tine heater element is Screen printed on one side of the 
substrate using a thick film process. The AWG 210 is 
mounted on the Side of the Substrate opposite the heating 
element. A temperature Sensor Such as a thermistor or an 
RTD is also mounted on the side of the Substrate on which 
the heater element is located to provide feedback informa 
tion to a temperature controller. The temperature controller 
is also mounted on the side of the Substrate on which the 
heater element is located. In Some cases the temperature 
Sensor may be located internal to the temperature controller. 
AIN heaters that include an integrated temperature control 
ler are commercially available from ThermopticsTM Inc., for 
example. 

Athermal interface pad 228 is disposed between the AWG 
210 and the Surface of the AIN heater 226. The thermal 
interface pad 228 is formed from an elastometric material 
such as a thermoplastic film filled with AIN particles, which 
is coated with an adhesive, and Serves to provide good heat 
transfer between the AWG 210 and the AIN heater 226. A 
Suitable thermal interface pad 228 is available, for example, 
from Melcor, Inc. The thermal interface pad 228 preferably 
has a temperature coefficient of expansion that is similar to 
that of the AWG 228 and the AIN 226. The elasticity of the 
thermal interface pad 228 may facilitate a reduction in StreSS 
that may arise between any mismatch in the temperature 
coefficient of expansion of the AWG 228 and the AIN heater 
226. 
The frame assembly is assembled in the following man 

ner. Stainless-steel base 218 is fixed to the aluminum frame 
by any appropriate means Such as with an adhesive, for 
example. In addition, the AWG 210, thermal interface pad 
228 and AIN heater 226 are secured to one another with tape 
or adhesive. In Some cases the thermal interface pad 228 
may be Supplied with a pressure-Sensitive adhesive for 
mounting the pad to the AIN heater 226. Next, the AIN 
heater 226 is secured to the stainless-steel base 218. In 
particular, the side of the AIN Substrate on which the heater 
element and controller are located is Secured to the StainleSS 
steel base 218 with, for example, double-sided tape that has 
a thickneSS in excess of the thickness of the temperature 
controller. Finally, the frame assembly is completed by 
Securing the StainleSS-Steel cover 220 to the aluminum frame 
by any appropriate means Such as with an adhesive, for 
example. Prior to Securing the Stainless-Steel cover 220 to 
the frame 216, the openings 222, 224, and 230 may be filled 
with foam rubber 238 to eliminate the gaps between the 
input fiber, fiber ribbon, electrical interface 232 and the 
respective cutouts through which they extend. 
The frame assembly preferably forms an air tight, water 

resistant package to protect its internal components. This 
may be achieved by Sealing any voids on the exterior Surface 
of the assembly which may exist between the frame 216, 
base 218, cover 220, the electrical interface 232 extending 
through cutout 230, the input fiber extending through cutout 
224, and the fiber ribbon extending through cutout 222. 
These voids may be filled with an adhesive such as a fast 
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Setting epoxy. Depending on the design specifications that 
the final device must meet, in Some embodiments of the 
invention it may be desirable for the frame assembly to form 
a hermetic Seal. The hermetic Seal may be achieved by 
providing additional Sealing means that are known to those 
of ordinary skill in the art. 

The frame assembly undergoes a molding process in 
which an overmold is formed around the frame assembly. As 
Seen in the figures, the Overmold includes integrally formed 
strain relief elements through which the input fiber, fiber 
ribbon and electrical interface 232 respectively extend. The 
strain relief elements 240, 242 and 244, which are respec 
tively aligned with the cutouts 230, 224, and 222 in the 
frame 216, are protuberances that taper inward as they 
extend away from the frame assembly, thus each forming a 
collar about each of the fiber, fiber ribbon and electrical 
interface to reduce damage that could arise from tension 
exerted on them. The molding material that forms the 
Overmold may be any material that has a Sufficient degree of 
durability and Softness to protect and cushion the internal 
components. Exemplary materials that may be employed 
include, for example, urethanes, polymers, and Silicone. 

Although various embodiments are specifically illustrated 
and described herein, it will be appreciated that modifica 
tions and variations of the present invention are covered by 
the above teachings and are within the purview of the 
appended claims without departing from the Spirit and 
intended Scope of the invention. For example, while housing 
in accordance with the present invention has been described 
in terms of housing an AWG, the housing more generally 
may be employed to housed any planar lightguide circuit. 
Moreover, the invention is not limited to the particular 
materials and geometric configurations depicted herein. 
What is claimed is: 
1. A housing for maintaining a plannar lightguide curcuit 

at a temperature within a predetermined temperature range 
independent of ambient temperature, Said housing compris 
ing: 

a planar heating arrangement Supporting and in thermal 
contact with the planar lightguide circuit; 

a frame assembly having a first Surface on which the 
planar heating arrangement is fixed, said frame assem 
bly having at least one opening through which extends 
at least one optical fiber coupled to the planar light 
guide circuit; and 

an overmold molded around the frame assembly, Said 
Overmold including at least one Strain relief member 
through which the at least one optical fiber extends, 
wherein Said planar heating arrangement includes a 
thermally conductive ceramic Substrate and a resistive 
heating element disposed on a first Side of the Substrate, 
Said planar lightguide circuit being disposed on a 
Second Side of the Substrate. 

2. The housing of claim 1 wherein Said ceramic Substrate 
is formed from aluminumr-nitride. 

3. The housing of claim 1 wherein Said resistive heating 
element is a resistive film formed on the first side of the 
Substrate. 

4. The housing of claim 1 wherein Said resistive heating 
element is a resistive film formed on the first side of the 
Substrate. 

5. The housing of claim 4 wherein said resistive film 
extends over the Substrate in a Serpentine manner. 

6. The housing of claim 1 wherein Said planar heating 
arrangement includes a temperature controller disposed on 
the first side of the Substrate. 
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6 
7. The housing of claim 1 wherein Said planar heating 

arrangement includes a temperature Sensor disposed on the 
Substrate. 

8. The housing of claim 6 wherein Said planar heating 
arrangement includes a temperature Sensor disposed on the 
first side of the Substrate. 

9. The housing of claim 1 further comprising an elasto 
metric thermal interface pad having a first Surface in contact 
with the planar heating arrangement and a Second Surface in 
contact with the planar lightguide circuit. 

10. The housing of claim 1 wherein Said plana lightguide 
circuit and Said Substrate have Substantially similar tempera 
ture coefficient of expansions. 

11. The housing of claim 1 wherein said frame assembly 
includes a frame member and base and cover members 
Secured to one another in an air tight, water resistant manner. 

12. The housing of claim 1 wherein said strain relief 
member is integrally formed with said overmold and is 
configured as a tapered collar Surrounding the at least one 
optical fiber extending therethrough. 

13. The housing of claim 1 wherein Said planar lightguide 
circuit includes an arrayed waveguide grating. 

14. The housing of claim 1 wherein said overmold is 
formed from silicone. 

15. The housing of claim 1 wherein said frame assembly 
includes at least three opening through which respectively 
extend an input fiber, a fiber ribbon, and an electrical 
interface connected to the planar heating arrangement. 

16. The housing of claim 15 wherein said overmold 
further includes at least three Strain relief members through 
which the input fiber, fiber ribbon and the electrical interface 
respectively extend. 

17. The housing of claim 9 further comprising an adhesive 
Securing the thermal interface pad to the planar hearing 
arrangement and the thermal interface pad to the planar 
lightguide circuit. 

18. A housing for maintaining a planar lightguide circuit 
at a temperature within a predetermined temperature range 
independent of ambient temperature, Said housing compris 
ing: 

a planar heating arrangement Supporting and in thermal 
contact with the planar lightguide circuit, wherein Said 
planar heating arrangement includes a temperature con 
troller; 

a frame assembly having a first Surface on which the 
planar heating arrangement is fixed, said frame assem 
bly having at least one opening through which extends 
at least one optical fiber coupled to the planar light 
guide circuit; and 

an Overmold molded around the frame assembly, Said 
Overmold including at least one Strain relief member 
through which the at least one optical fiber extends. 

19. The housing of claim 18 wherein said planar heating 
arrangement includes a thermally conductive ceramic Sub 
Strate and a resistive heating element disposed on a first Side 
of the Substrate, Said planar lightguide circuit being disposed 
on a Second Side of the Substrate. 

20. The housing of claim 19 wherein said ceramic Sub 
Strate is formed from aluminum-nitride. 

21. The housing of claim 19 wherein said resistive heating 
element is a resistive film formed on the first side of the 
Substrate. 

22. The housing of claim 20 wherein said resistive heating 
element is a resistive film formed on the first side of the 
Substrate. 

23. The housing of claim 19 wherein said temperature 
controller is disposed on the first side of the substrate. 
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24. The housing of claim 18 further comprising an elas 
tometric thermal interface pad having a first Surface in 
contact with the planar heating arrangement and a Second 
Surface in contact with the planar lightguide circuit. 

25. The housing of claim 19 wherein said planar light 
guide circuit and Said Substrate have Substantially similar 
temperature coefficient of expansions. 

26. The housing of claim 18 wherein said frame assembly 
includes a frame member and base and cover members 
Secured to one another in an air tight, water resistant manner. 

27. The housing of claim 18 wherein said strain relief 
member is integrally formed with said overmold and is 
configured as a tapered collar Surrounding the at least one 
optical fiber extending therethrough. 

28. The housing of claim 18 wherein said planar light 
guide circuit includes an arrayed waveguide grating. 

29. The housing of claim 18 wherein said overmold is 
formed from silicone. 
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30. The housing of claim 18 wherein said frame assembly 

includes at least three opening through which respectively 
extend an input fiber, a fiber ribbon, and an electrical 
interface connected to the planar heating arrangement. 

31. The housing of claim 30 wherein said overmold 
further includes at least three Strain relief members through 
which the input fiber, fiber ribbon and the electrical interface 
respectively extend. 

32. The housing of claim 24 further comprising an adhe 
Sive Securing the thermal interface pad to the planar hearing 
arrangement and the thermal interface pad to the planar 
lightguide circuit. 

33. The housing of claim 21 wherein said resistive film 
extends over the Substrate in a Serpentine manner. 

k k k k k 
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